Despite the evidence supporting the benefits of physical activity in the prevention and treatment of most medical conditions, physical activity remains under-prescribed by physicians. Medical students will form habits during training that they are likely to maintain as future physicians. The overall purpose of this study was to investigate the underlying mechanism(s) contributing to frequency in recommending physical activity, to provide insight into how we can increase physical activity recommendations in future practice as physicians. First to fourth year medical students at three Canadian universities responded to an online survey (N = 221; 12% response rate) between November 2017 and January 2018. Results revealed that engaging in strenuous physical activity was a strong predictor for frequency in recommending physical activity to patients (p < .001). Confidence in recommending physical activity mediated the relationship between strenuous physical activity and frequency recommending physical activity (p = .005); motivation did not mediate this relationship. Students were more motivated, than they were confident, to assess, advise, counsel, prescribe and refer patients regarding physical activity (p < .05). While 70% of students stated they are aware of the Canadian physical activity guidelines, only 52% accurately recalled them. Findings suggest that increased training related to physical activity should be included in the medical school curriculum to increase students' confidence to recommend physical activity. Another way to increase confidence and frequency in recommending physical activity is to help students engage in more strenuous physical activity themselves, which will ultimately benefit both medical students and their future patients.
Introduction
The physical and mental health benefits associated with physical activity (PA) have long been established (Public Health Agency of Canada [PHAC], 2018; Ravindran et al., 2016; Schuch et al., 2016) . Unfortunately, only 20% of Canadians are accumulating enough PA to reap these health benefits (Statistics Canada, 2015) . This is concerning as physical inactivity increases the risk of poor overall health and many of the most expensive chronic illnesses (González et al., 2017; Pedersen and Saltin, 2015) . This has placed an ever-increasing strain on the healthcare system with an estimated total cost of 6.8 billion Canadian dollars per year (Janssen, 2012) . Despite the strong evidence supporting the use of PA in the prevention and treatment of chronic disease, it remains under prescribed by physicians (Baillot et al., 2018; Bélanger et al., 2017; Hoffmann et al., 2016) . Given that physicians are often a preferred source of health information and 80% of Canadians visit a physician every year, they have a unique opportunity to influence a large portion of the population (Canadian Medical Association, 2015; Thornton et al., 2016; Tulloch et al., 2006) . As future physicians, it is critical to understand what factors determine a medical students' frequency recommending PA in order to work towards reducing physical inactivity among the population.
There are many levels of actions that can be taken by a physician to promote PA, not just prescription. For example, the 5 A's model includes recommendations for physicians to: Ask (identify current PA behaviour), Advise (recommend that the patient would benefit from increased PA), Assess (determine a patients' readiness to change current PA), Assist (develop goals and/or an action plan to increase PA) and Arrange (establish a follow-up to track progress) (Carroll et al., 2011) . Referral to an exercise specialist (e.g., registered Kinesiologist) is a different action that has shown to improve patients' PA levels (Baillot et al., 2018; Fortier et al., 2006; Sørensen et al., 2008) . However, previous research focuses primarily on PA prescription and/or PA counselling, with other actions being largely under investigated. The present study will address this gap by examining five different actions (modified from the 5 A's model) that can be taken to increase a patients' level of PA including: assess, advise, counsel, prescribe, and refer. These five actions are hereafter collectively termed 'PA recommendations'. The present study will also consider the factors contributing to the frequency of performing these actions.
One potential factor contributing to the lack of PA prescription in practice is inadequate training during medical school and residency (Hoffmann et al., 2016; Holtz et al., 2013; Solmundson et al., 2016; Stoutenberg et al., 2015) . For instance, Holtz and colleagues (Holtz et al., 2013) found that 69% of medical students viewed exercise counselling as highly relevant, but 86% indicated that their training was less than extensive. Inadequate PA training in medical school may result in a reduced likelihood to promote PA to patients.
Prior work has determined that physicians' PA recommendation practices often align with their own activity habits, such that moreactive medical professionals are more likely to counsel patients on PA (Holtz et al., 2013; Ng and Irwin, 2013; Frank et al., 2008; Lobelo et al., 2008; Lobelo and de Quevedo, 2016) . As future physicians, Frank et al. surveyed U.S. medical students three separate times over their four years of medical school (N = 971 for full cohort) . Results revealed a significant association between frequency of providing physical activity counselling to patients and whether a student complied with exercise recommendations. Patients are also more likely to adhere to PA recommendations from their physician when the practitioner themselves is active, as they are perceived to be a more credible and motivating role model . As future physicians, Holtz and colleagues (Holtz et al., 2013) surveyed Canadian medical students (N = 546 in British Columbia) and results showed that students who perceived exercise counselling to be highly relevant, engaged in significantly more strenuous PA compared to those who perceived it to be somewhat or not at all relevant. Distinguishing PA intensities has become a recent trend in the literature (Helgadottir et al., 2016; Panza et al., 2017; Richards et al., 2015) . As such, the present study will consider how mild, moderate and strenuous PA relate to medical students' frequency in recommending PA, which has not been done previously. Although there is evidence supporting that active medical students are more likely to perceive counselling on PA as highly relevant, and that active students discuss PA more frequently with their patients, we do not specifically know why.
Several frameworks underpinning human behaviour (e.g., Motivational Interviewing, Theory of Planned Behaviour), include motivation and confidence as consistent predictors of behaviour (Dixon, 2008) . While low confidence has been found to be a barrier to the delivery of PA counselling and prescription in primary care (Baillot et al., 2018; Fowles et al., 2018; Hébert et al., 2012) , motivation has been overlooked. For instance, Fowles et al. (Fowles et al., 2018) evaluated the impact of a training workshop on several different PA actions. The workshop led to increased confidence and frequency to prescribe PA; however, the influence of motivation on frequency was not examined. This knowledge gap could be filled by understanding the differences between motivation and confidence to recommend PA, and how they might predict frequency recommending PA differently. Understanding these differences will help inform future efforts aimed at increasing PA promotion in future practice. For example, if medical students lack both motivation and confidence, it will be important to teach them the importance of PA as preventive and therapeutic medicine and how to promote behavioural changes among patients.
However, if students are motivated but lack confidence, future efforts may focus less on why it is important, and more on how to do it.
The overall purpose of the present study is to investigate the underlying mechanism(s) contributing to frequency in recommending physical activity, to provide further insight into how we can increase physical activity recommendations in future practice as physicians. 
Methods

Participants and procedure
Research ethics approval was obtained from three Canadian medical schools. While the length of medical school varies internationally, the Canadian structure typically involves a four-year program. As such, electronic surveys were distributed among first to fourth year medical students over three months. The survey link was distributed to students via e-newsletters, Facebook posts, and announcements in mandatory class. Two reminders were sent. A total of 221 medical students responded, out of a possible 1810 (12% response rate). This response rate is typical of online surveys conducted by external researchers (Fryrear, 2015) , and comparable to a recent survey involving medical students (Matthew Hughes et al., 2017) .
Measures
Demographics
Students reported their gender, age, ethnicity, academic background, year in medical school, and university of enrollment.
Physical activity
The Godin Leisure-Time Exercise Questionnaire (LTEQ) (Godin and Shepard, 1985) is a valid and reliable scale, used frequently (Joseph et al., 2014) . This scale asks on average how many times a week an individual engages in strenuous, moderate and mild exercise. Scores for each intensity are calculated by multiplying strenuous activity by 9, moderate by 5, and mild by 3. A score for each intensity was generated, as well as a total PA score by summing the products of all three intensities. Students were asked about the average minutes per activity session. From this, total minutes of strenuous and moderate PA/week was calculated to determine whether the student was meeting the Canadian Physical Activity Guidelines 1 (hereafter referred to as 'PA guidelines').
Physical activity recommendations
The 5 A's model was modified to measure five actions that can be taken to promote PA (i.e., assess, advise, counsel, prescribe, refer). The modification was necessary for relevancy to clinical settings, and similar actions related to promoting physical activity have been used previously in primary care research (e.g., Fowles et al., 2018) .
2.2.3.1. Motivation. Students were asked "How motivated are you to…" 1) assess a patient's level of PA; 2) advise a patient to increase their PA levels; 3) counsel a patient about PA; 4) provide a patient with a PA prescription; 5) provide a patient with a referral to an exercise specialist. Response options included a 5-point Likert scale, ranging from 0 = "not at all motivated" to 4 = "very motivated".
2.2.3.2.
Confidence. Students were asked "How confident are you to…" 1) assess a patient's level of PA; 2) advise a patient to increase their PA levels; 3) counsel a patient about PA; 4) provide a patient with a PA prescription; 5) provide a patient with a referral to an exercise specialist. Students rated their confidence using a 5-point Likert scale, ranging from 0 = "not at all confident" to 4 = "very confident".
Frequency.
Students were asked "How frequently do you …" 1) assess a patient's level of PA; 2) advise a patient to increase their PA levels; 3) counsel a patient about PA; 4) provide a patient with a PA prescription; 5) provide a patient with a referral to an exercise specialist. Students rated their frequency with a 7-point scale (0 = "never" to 6 = "always").
Students in all years were asked about motivation and confidence; only third and fourth year students were asked about frequency given that these years represent the core clinical clerkship years. Individual scores and total scores (summation of all five actions) of motivation, confidence and frequency were calculated. This framework has been used in previous research measuring PA counselling in primary care (Carroll et al., 2011) .
Knowledge of physical activity guidelines
Students were asked if they were aware of the PA guidelines (yes/ no). If they indicated yes, they were asked "According to the Canadian Physical Activity Guidelines, how many minutes per week of moderateto vigorous-intensity PA is recommended for adults aged 18-64?" Students responded using an interactive slider ranging from 0 to 200 (minutes per week).
Statistical analyses
To address research question 1a, correlation and hierarchal multiple regression analysis were run in SPSS version 25 (IBM, 2017) . Preliminary analyses checked for violations of assumptions. For the regression analysis, the independent variables were age, ethnicity, gender, year, university and strenuous physical activity and the dependent variable was total frequency recommending physical activity. Categorical variables were dummy coded. Age, ethnicity, gender, year, and university were entered simultaneously into the regression at step 1, followed by strenuous physical activity at step 2. To address research question 1b three separate two-factor models were tested using path analysis. Strenuous physical activity, total motivation to recommend physical activity and total confidence recommending physical activity were the independent variables, and total frequency recommending physical activity was the dependent variable in all three models (Fig. 1) . These direct pathways needed to be significant to proceed with research question 1c, testing indirect relationships. To address research question 1c, two separate three-factor models were tested using path analysis. Both models included strenuous physical activity as the independent variable and total frequency recommending physical activity as the dependent variable. Total motivation to recommend physical activity and total confidence recommending physical activity were tested as mediators. Additionally, a bootstrap method was used to determine mediation in SPSS AMOS. Bootstrap selection was set at 1000 samples and bias corrected-confidence level set at 95% (Cheung and Lau, 2008; IBM, n.d.) . Pertaining to the second research question, five pairedsamples t-tests were used to assess for differences in motivation and confidence to assess, advise, counsel, prescribe and refer. Preliminary analyses ensured that all assumptions were met, including the additional assumption that the difference between motivation and confidence scores for each participant were normally distributed. A Bonferroni adjustment was applied for multiple comparisons (p < .01). Effect sizes (d) were calculated and interpreted using Cohen's cutpoints: 0.2 (small), 0.5 (medium), 0.8 (large) (Cohen, 1988) . Descriptive statistics were generated to address research question 3. Table 1 provides demographic information for all participants included in this study. Participants ranged from 19 to 46 years old (M = 24.7, SD = 3.91) and the majority were female (61%). Regarding knowledge of PA guidelines, 70% of students indicated "yes" to being aware of them (n = 155). However, over a quarter inaccurately recalled the guidelines, indicating a number other than 150 min of MVPA/ week (n = 39). This means that only 52% of students actually knew the PA guidelines (n = 116); that is, they answered "yes" to the first question and "150 min" to the follow-up question. Among those who were aware and accurately recalled the PA guidelines, 21 had completed a Kinesiology degree and 7 of them a Physiotherapy degree. In contrast, among those who were not aware or who inaccurately recalled the PA guidelines, only 5 of them indicated completing a Kinesiology degree and 2 of them a degree in Physiotherapy.
Results
Participant characteristics
Relationship between PA participation and frequency recommending PA
Pearson correlation analyses revealed that strenuous PA was significantly associated with the frequency of assessing, advising, counselling, and prescribing PA to patients, as well as total frequency recommending PA. Table 2 provides information on all of the observed associations.
Hierarchal multiple regression assessed the relationship between PA on total frequency recommending PA (summation of all five actions), 2 after controlling for age, ethnicity, gender, year, and university. Originally, the regression model was to include all three PA intensities as predictor variables, however there was a high correlation (> 0.70) between these three variables, violating the assumption of multicollinearity. Given that strenuous PA had the strongest, significant correlation with total frequency recommending PA, it was included in the regression analyses. Demographic variables were entered at Step 1, explaining 19% of the variance in total frequency recommending PA. After entering strenuous PA at Step 2, the total variance explained by the model as a whole was 32%, F (6, 60) = 4.74, p = .001. Strenuous PA explained an additional 13% of the variance in frequency after controlling for demographics, R squared change = 0.13, F change (1, 60) = 11.89, p = .001. In the final model, year (β = 0.42, p = .001) and strenuous PA (β = 0.37, p = .001) made a statistically significant contribution (Table 3 ). In line with this, a secondary analysis revealed a 2 Total frequency recommending physical activity was used as the dependent variable for regression and path analyses. These analyses were also run individually for all five actions (frequency to assess, advise, counsel, prescribe, refer), but due to length restrictions and similar significant results being found for all five actions, total frequency recommending physical activity results are reported.
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Motivation and confidence as mediators
First, three separate 2-factor path models were tested in AMOS to investigate direct relationships between variables, and results revealed significant, positive standardized regression coefficients for all models (p < .05; Fig. 1 ). The strongest relationship was between confidence recommending PA and frequency recommending PA (r = 0.46, p < .001), whereby greater confidence was associated with a higher frequency in recommending PA.
Next, two separate 3-factor path models were tested in AMOS using bootstrapping to test potential mediators (i.e., confidence and motivation) for the indirect effect of strenuous PA on frequency recommending PA. The standardized regression coefficient between strenuous PA and confidence recommending PA was significant (r = 0.29), as was the coefficient between confidence recommending PA and frequency recommending PA (r = 0.37; Fig. 2) . Bootstrapping results revealed a significant indirect effect of strenuous PA on frequency recommending PA, through confidence recommending PA (r = 0.33, p = .005, 95% CI: 0.024-0.243).
Although the effect of strenuous PA on frequency recommending PA remained significant after controlling for confidence recommending PA in the 3-factor model (r = 0.33, p = .002; Fig. 2) , the effect was reduced compared to the 2-factor model including only strenuous PA and frequency recommending PA (r = 0.44, p < .001; Fig. 1 ). These results support partial mediation. That is, students who engaged in strenuous PA reported an increased confidence recommending PA, which corresponded to an increased frequency recommending PA. Bootstrapping results testing motivation to recommend PA as a mediator for the indirect effect of strenuous PA on frequency recommending PA were not significant (r = 0.39; p = .16, 95% CI: −0.008-0.148).
Differences in motivation and confidence to recommend PA
Results of paired-samples t-tests revealed that students reported significantly greater motivation, compared to confidence, for all five actions (Table 4) . Effect sizes were large (d > 0.80). Students reported the greatest motivation to advise a patient to meet the PA guidelines, and the lowest motivation to assess a patient's level of PA. Students reported the greatest confidence to advise, and the lowest confidence to prescribe PA.
Discussion
Results from this study provide further insight into how we can increase PA recommendations, as an important preventive and therapeutic strategy for several chronic illnesses. It is important to understand these mechanisms, and guide medical students to form positive, evidence-based habits during training that they will carry with them throughout their careers. However, interpretation of these findings should be taken with caution, due to the low response rate. As it relates to medical students' own PA behaviours, results revealed that strenuous PA was a significant predictor of frequency recommending PA. This is consistent with previous work which found a relationship between engaging in strenuous PA and perceiving exercise counselling to be highly relevant (Holtz et al., 2013) . It is possible that those who engage in more strenuous types of PA experience health benefits in themselves, making them more likely to recommend PA to their patients. The concept of exercise identity (i.e., defining oneself as an 'exerciser') (Burke and Stets, 2013) provides another possible explanation for the relationship between engaging in strenuous PA and frequency recommending PA. Previous research has suggested that individuals who engage in more PA (i.e., frequency, duration, and intensity) have a stronger PA identity (Strachan and Whaley, 2013) , and those who identify with PA are more likely to discuss activity pursuits with others (Perras et al., 2016) . Taken together, it is possible that medical students who engage in strenuous PA, have a strong PA identity, resulting in more frequent discussions related to PA with patients.
Next, several models were tested to explore direct and indirect relationships between the dependent variables and frequency recommending PA. Results revealed that motivation and confidence were both positively related to frequency recommending PA; however, only confidence significantly mediated the relationship between strenuous PA and frequency recommending PA. While previous research has shown a direct relationship between a provider's own activity levels and their confidence in counselling (Howe et al., 2010) and between a provider's own activity levels and frequency of counselling (Frank et al., 2000) , this is the first study to our knowledge to consider confidence as a mediator in the relationship between activity levels and frequency in recommending PA.
These results show that one potential way to increase confidence T. McFadden, et al. Preventive Medicine Reports 15 (2019) 100898 levels, and in doing so, frequency in recommending PA, is to help medical students engage in PA themselves. Ultimately, this will benefit both medical students' own health, and increase their confidence and frequency in recommending PA to the general population. Future research should implement PA interventions tailored specifically for medical students. Moreover, universities should consider ways to promote PA among students, such as offering free classes over lunch (e.g., yoga, martial arts, running group) and/or providing students access to a PA counsellor. The second research question investigated whether there are differences in medical students' motivation and confidence to recommend PA. Results revealed that medical students are significantly more motivated than they are confident for all five actions. This lack of confidence is likely due to inadequate training on how to promote PA to specific patients, including those who are healthy and those with multiple comorbidities. Low level of confidence to counsel and prescribe PA has been found previously among medical professionals, despite their perception that PA is important (Solmundson et al., 2016; Howe et al., 2010; Kennedy and Meeuwisse, 2003; Rogers et al., 2006) . Fowles et al. provide support for a training workshop to increase confidence and frequency recommending PA (Fowles et al., 2018) . However, this is the first study to compare motivation and confidence to recommend PA, and how they might predict frequency recommending PA differently. Regarding motivation, results of this study showed that medical students had high levels of motivation for all five actions related to recommending PA. This is encouraging, as it suggests that students want to do it and that they see the value in it, but they lack the confidence to do so.
Descriptive statistics were generated to answer the third research question, which sought to determine what percent of medical students are aware of the PA guidelines and what percent can accurately recall them. Results revealed that only 52% of students in this study were aware of and accurately able to recall the PA guidelines (18% inaccurately recalled the guidelines, 30% stated they did not know them). This low level of knowledge related to PA guidelines has been found previously (Douglas et al., 2006) , and is not overly surprising, as previous research has suggested that there is a lack of training related to PA in the Canadian medical school curriculum (Holtz et al., 2013) .
Taken together, the lack of knowledge related to the PA guidelines, and the low confidence to recommend PA to patients, shows that there is insufficient exposure to PA training in medical school. The medical school curriculum should incorporate training related to PA as preventive and therapeutic medicine, including information on the PA guidelines. Although significant strides have been made to do so, including a motion to include PA education in Canadian medical schools proposed by Dr. Jane Thornton and passed at CMA's 2016 General Council (Canadian Medical Association, 2016), these proposed changes have yet to be formally implemented into the medical curriculum.
Study strengths and limitations
There were several strengths associated with this study. First, the sample included in this study is generally representative of the Canadian medical school population. Indeed, data from the Association of Faculties of Medicine of Canada show that in 2016/17 first year medical students were predominantly female (58%) and between the ages of 20-25 (The Association of Faculties of Medicine of Canada, 2017). Second, previous research has not investigated the mediating role of motivation and confidence in recommending PA in the relationship between PA participation and frequency recommending PA. It is important to understand the mechanisms contributing to frequency to promote PA recommendations with patients and work towards improving the overall health of the population. Third, previous research has focused solely on PA prescription and/or counselling among medical professionals, neglecting other actions that can be taken to promote PA with patients. This study included five different levels of action Note. Participants were able to select more than one option for academic background. Note. Physical activity scores were assessed and calculated according to the LTEQ. Note. Likert scale for frequency recommending physical activity: 0 = never, 1 = very rarely, 2 = rarely, 3 = occasionally, 4 = frequently, 5 = very frequently, 6 = always. Note. Likert scale for motivation and confidence to recommend physical activity: 0 = not at all, 1 = a little, 2 = somewhat, 3 = quite, 4 = very. T. McFadden, et al. Preventive Medicine Reports 15 (2019) 100898 related to PA, for a more comprehensive understanding of medical student's confidence, motivation and frequency in recommending PA. Finally, this study focused on medical students specifically, which is important because learners have shown to be more open to learning new strategies and changing their behaviour, compared to practicing physicians (Solmundson et al., 2016) .
There were also some limitations that should be considered. For instance, there was a low response rate and relatively fewer third and fourth year students completed the survey, compared to first and second. This may speak to the increased time demands that clerkship students face. This limited the sample size for the path analyses, as only third and fourth year students were asked about frequency. Future research should use additional recruitment methods, and should target third and fourth year students specifically (e.g., announcements and/or advertisements in hospitals). Another limitation is self-report measures and using recall to assess frequency recommending physical activity, which may result in bias. Future research should consider using accelerometers to track PA and review electronic medical records to measure frequency recommending PA. Finally, there may have been self-selection bias in this study, whereby students who are interested in the promotion of PA responded to the survey. This may have resulted in an over-estimation of motivation, confidence and frequency recommending PA, as well as increased awareness of the PA guidelines in our sample.
Conclusion
Overall, results of this study show that medical students are highly motivated to recommend PA, but often lack the knowledge and confidence necessary to assess, advise, counsel, prescribe and refer. This highlights the need for increased training related to PA as preventive and therapeutic medicine in medical school so that students gain Table 2 Pearson correlation between physical activity participation and frequency recommending physical activity (5 actions: assess, advise, counsel, prescribe, refer). 
Table 3
Summary of hierarchal regression analyses assessing the ability of strenuous physical activity to predict frequency recommending physical activity, after controlling for gender, age, ethnicity, university and year.
Independent variable B Std. error Beta t Sig.
Step 1 Gender Fig. 2 . Testing indirect pathways with path analysis and bootstrap approximation using two-sided bias-corrected confidence intervals. Note: *p < .05; PA = physical activity.
T. McFadden, et al. Preventive Medicine Reports 15 (2019) 100898 positive, evidence-based habits moving forward in their career. Increased training may correspond to an increased confidence, and thus frequency recommending PA in future medical practice. Another way to increase confidence and frequency is to encourage students to engage in more strenuous PA themselves, which will ultimately benefit both medical students and their future patients.
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